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REMARKS 

Claims 1-3, 6-9, 12, 14-21, 48-50, 52-56 and 58-61 are pending. Claims 1 and 2] are 
amended to correct an obvious typographical error. All of the pending claims stand rejected. 
Applicant respectfully requests reconsideration of the rejection based on the following 
comments. 

Reiection Over Kamauchi and Manev 

The Exatniner rejected claims 1-3, 6, 7, 12, 14-17, 19-21, 48-50, 52, 53, 55. 56 and 58-61 
as being unpatentable under 35 U.S.C § 103(a) over U.S. patent 5,538,814 to lUmauchi 
(Kamauchi) in view of U.S. patent 5,789,115 to Manev (Manev). Except for insignificant 
changes to the notation in references to the cited art. Applicant notes that the text of this rejection 
seems identical to the rejection filed on December 13, 2006. Applicant incorporates by reference 
their arguments presented in Preliminary Remarks dated September 14, 2009 as well as their 
Appeal Brief dated May 14, 2007 with two corrected pages filed on June 26, 2007, Reply Brief 
filed November 29, 2007 and Request for Rehearing filed on December 29, 2009. Here, 
Applicant focuses on the Examiner's response on pages 2 and 3 of the Office Action relating to 

the new Home Declaration. 

The Examiner has raised questions regarding the analysis presented in the Declaration 
without any documentary support whatsoever. With all due respect, the Examiner's position is 
not well founded. The Examiner calls into question to issues relating to tlie mass of the particles 
and asserts that the claimed invention is not commensurate with the evidence presented because 
mass is not in the claim. The mass is only involved in the data as related to relating the 
calculated volume distributions witli number distributions. The volume is scaled based on the 
density to obtain the mass. As explained in the Declaration, the mass percent in the Home 
Declaration is used as a substimte for volume. Tbie Office Action asserts that "the mass does not 
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account for any discrepancies in shapes or the porosity of the material but assumes a perfect 
material of the same density tibroughout and a perfect sphere." 

With respect to the porosity, this is a known property. The micrographs are examined to 
determine porosity. No porosity is visible in the micrographs. Tlierefore, porosity is ruled out as 
a significant issue. With respect to density, the know composition and lack of porosity imply 
that density of the material is consistent for the particles. 

With respect to the non-spherical nature of the particles, this is an issue, but this issue 
supports Applicant's position significantly. Since light scattering measures a hydration sphere, 
the techniques is directed to spheres. Applicant has attached a Technical Note firom Malvern 
Instruments on Dynamic Light Scattering. The issue of non-spherical particles is explicitly 
discussed. Since an examination of the micrographs indicates that the particles for the most part 
are roughly spherical, an even more significant issue is the measurement of a hydrodynamic 
diameter rather than a physical diameter. 

As discussed in Applicant's specification, the particle size, as specified in paragraph 
[01 19], the particle sizes are determined by transmission electron microscopy, which is the roost 
accurate teclinique. Also, for non-spberical particles, the average is taken along the principle 
axes of the particle. 

The Home Declaration of September 22, 2009 directiy addresses this issue in section 7. 
There it is stated that "In my experience, light scattering will result in a narrower distribution 
than a TEM analysis for at least two reasons. First, there is small particle drop out in the liglit 
scattering measurements, so the small particle part of the distribution is under represented or 
absent, [sic] Also, agglomeration tends to involve more smaller particles so that you bias the 
distribution toward the middle." Thus, light scattering measurements, with its imprecision 
relating to particle shapes, tends to give a significantly narrow particle size distribution than the 
proper transmission electron micrograph (TEM) approach. The particle shape issue wiU also 
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tend to produce a narrow distribution due to bias toward larger particle sizes in the 
measurements. But even with these biases toward a narrower distribution, the dynamic light 
scattering measurements still produced a particle size distribution that was broader tliaji the 
claimed distributions. 

Since the issues of imprecision of dynamic light scattering generally were addressed in 
the Home Declaration, the conclusions of die Home Declaration are clearly sound. The 
Examiner has failed to raise any significant issues to rebut tlie conclusions of Ae Home 
Declaration. Therefore, it is clear that the teachings of the cited references fail to establish a 
reasonable expectation of success with respect to Applicant's claimed invention. 

The Office Action states that regarding "the particle sizes, the declaration illustrates that 
the sizes taught by Kamauchi are obtainable and therefore a reasonable expectation of success 
does exist. As taught by the prior arts of Kamauchi and Manev, longer grinding times will 
produce smaller particles and thus lower the average particle size. AppUcant has not provided 
evidence or reasoning why this teaching would not produce the claimed sixes. Furthermore, 
applicant has not provided evidence why Kamauchi's example 13 with an average particle size of 
0.01 microns would not meet tlie claimed invention." 

With all due respect, this analysis completely ignores features of the claimed invention, 
which have been discussed in great detail over extended periods of prosecution. All of the 
pending claims have features relating to the uniformity of the particles. The uniformity feature is 
a very important characteristic of the claimed materials. This is discussed in detail in the briefs 
and the earlier file history. For example, claims 1 and 21 indicate that essentially no particles 
have a diameter greater than about 5 times the average particle size. Also, claims 55 and 58 
indicate uniformity with respect to a distribution of parti cle sizes such tJiat at least about 95 percent 
of the particles have a diameter greater than about 40 percent of the average diameter and less than 
about 160 percent of the average diameter. The uniformity of particle size distribution is an 
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independent but related parameter of the materials. For example, a soccer ball and a ping pong ball 
may have the same average diameter as two softballs, but you cannot play Softball with the soccer 
ball and ping pong ball. There are different articles, and the powders with different particle size 
distributions are different composition of matter with different properties. With all due re^ct, 
Applicant has presented considerable un-refiited evidence that the teachings of the art do not place 
the claimed materials in the public domaiit Therefore, it is clear that the combined teachings of the 
cited references do not render Applicant's claimed invention obvious. 

In view of the comments above. Applicant respectfiilly requests witlidrawal of the 
rejection of 1-3, 6, 7, 12, 14-17, 19-21, 48-50, 52, 53, 55, 56 and 58-61 as being unpatentable 
under 35 U.S.C. § 103(a) over U.S. patent 5,538,814 to Kamauchl (Kamauchi) in view of U.S. 
patent 5,789,1 1 5 to Manev (Manev). 

Rejection Over Goodenoueh. Kam auchi and Manev 

The Examiner rejected claims 8, 9 and 1 8 under 35 U.S.C. § 103(a) as being unpatentable 
over U.S. patent 5,910,382 to Goodenough (Goodenough) in view of Kamauchi and further in 
view of Manev. Except for insigniflcaBt changes to the notation of refisrences to the cited art, 
Applicant notes that the text of this rejection seems identical to the rejection filed on December 
1 3, 2006. Applicant incorporates by reference their arguments presented in Preliminary Remarks 
dated September 14, 2009 as well as their Appeal Brief dated May 14, 2007 with two comscted 
pages filed on June 26, 2007, Reply Brief filed November 29, 2007 and Request for Rehearing 
filed on December 29, 2009. Here, Applicant focuses on the Examiner's response on pages 2 and 
3 of the Office Action relating to the new Home Declaration. These issues regarding the Home 
Declaration have been addressed in detail above. In view of the comments above and the 
analysis incorporated herein by reference, the combined teachings of the cited references clearly 
to not render Applicant's claimed invention obvious. Applicant respectfully requests withdrawal 
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of the rejection of claims 8, 9 and 18 under 35 U.S.C. § 103(a) as being unpatentable over 
Goodenough In view of Kainaucbj and further in view of Manev. 

Rejection Of Claim 54 

The Examiner rejected claim 54 under 35 U.S.C. § 103(a) as being unpatentable over 
Kamauchi in view of Manev and further in. view of U.S. patent 5,232,794 to Krumpelt et al. 
(Krumpclt). The Examiner cited Krumpeh for teaching the use of AIPO4 *'for the conduction of 
lithium in batteries/* Claim 54 depends &om claim 21 . First, Krumpelt is silent with respect to 
the formation of liighly uniform nanoparticles or appropriate ways of forming such highly 
uniform nanoparticles. Thus, Krumpeh does not make up for the deficiencies of the combined 
teachings of Kamauchi and Manev. 

Purtherraore, ion conduction, as tauglit in Krumpelt, relates to die formation of an 
electrolyte, see column 7, lines 20-30. Solid electrolytes in batteries are replacements for 
separators. See, for example, US 2009/0029264 to Nakazawa et al, entitled "Tliin Film Solid 
Secondary Cell Separators must provide electrical insulation and a physical barrier between the 
anode and cathode. As described at the top of column 6 of Krumpelt, the pellets are pressed and 
sintered* Thus, Krumpelt teaches away from nanoparticles. (KSR) 

Tlie combined teachings of Kamauchi. Manev and Krumpelt clear do not render claim 54 
prima facie obvious. Applicant respectfully requests wdthdrawal of the rejection of claim 54 
under 35 U.S.C. § 1 03(a) as being unpatentable over Kamauchi in view of Manev and further in 
vt ew of Krumpelt. 

CONCLUSIONS 

In view of the foregoing, it is submitted that this application is in condition for allowance. 
Favorable consideration and prompt aUowance of the appHcation are respectfully requested, 

12 



PAGE 13/22 ' RCVD AT 4/22/2010 10:02:19 PM [Eastern Daylight Time]' SVR:USPTO{FXRF-5/19' D[flS:2738300' CSID:404869900S' DURATION (mm-ss):06-32 



83/31/2010 01:38 



4048699008 



DARDI BARRY 



PAGE 14/22 



Application No. 09/845,985 



The Examiner is invited to telephone the undersigned if tlie Examiner believes it would 
be useful to advance prosecution. 



Customer No. 62274 
Dardt & Herbert, PLLC 
US Bank Plaza, Suite 2000 
220 South 6*** Street 
MinneapoHSa Minnesota 55402 
Telephone: (404) 949-5730 



Respectfully submittedj 




Peter S. Dardi, Ph.D. 
Registration No. 39,650 
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Dynamic Uqht Scattering: 

An Introductian In 3D minutes 
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Introduction 

Dynamic Light Scsttering (sometimes 
referred to as Photon Correlation 
Spectroscopy or Quasi-Elastic Light 
Scattering) Is a technique for 
measuring the size of particles 
typically . in the $ub micron region. 

Brownian Motion 

DLS measures Brownian motion and 
relates this to the size of the particles. 
Brownian motion Is the random 
movement of particles due to the 
bombardment by the solvent 
molecules that surround them. 
Normally DLS is concerned with 
measurement of particles suspended 
within a liquid. 

The larger the particle, the slower the 
Brownian motion will be. Smaller 
particles are "kicked'* further by the 
solvent molecules and move more 
rapidly. An accurately known 
temperature is necessary for DLS 
because knowledge of the viscosity is 
required (because the viscosity of a 
liquid is related to its temperature). 
The temperature also needs to be 
stable, otherwise convection currents 
in the sample will cause non-random 
movements that will ruin the correct 
interpretation of size. 

The velocity of the Brownian motion is 
defined by a property known as the 
transtationai dlfFusion coefficient 
(usually given the symbol D). 

The Hydrodynamic 
Diameter 

The Size of a partide is calculated 
from the translertional diffusion 



coefficient by using the Stokes- 
Einstein equation; 



kT 



where:- 

d(B} - hydrodynamic diameter 
D K translational diffusion coefficient 
k - Boitzmann*s constant 
r = absolute temperature 
T[ = viscosity 



Note that the diameter that is 
measured in DLS Is a value that 
refers to how a particle diffuses within 
a fluid so it is referred to as a 
hydrodynamic diameter. The 
diameter that is obtained by this 
technique is the diameter of a sphere 
that has the same translational 
diffusion coefficient as the partide. 

The translational diffusion coefficient 
will depend not only on the size of the 
partide "core", but also on any 
surface structure, as well as the 
concentration and type of ions in the 
medium. Factors that affect the 
diffusion speed of particles are 
discussed in the following sections. 

Ionic Strength of Medium 

The ions in the medium and tt*»e total 
ionic concentration can affect the 
partide diffusion speed by changing 
the thickness of the electric double 
layer called the Debye length (fC^). 
Thus a lov»^ conductivity medium will 
produce an extended double layer of 
ions around the particle, 



pedudng the diffusion speed and 
resulting in a larger, apparent 
hydrodynamic diameter. Conversely^ 
higher conductivity media vwll 
suppress the electrical double layer 
and the measured hydrodynamic 
diameter 

The performance of a DLS instrument 
is nonnaily verified by measurement 
of 3 suitable polystyrene latex 
standard. If the standard needs to be 
diluted prior to measurement, then 
dilution in an appropriate medium is 
Important The International Standard 
on DLS (IS013321 Parte 1996) says 
that dilution of any potystyrene 
standard should be made In 10mM 
NeCl. This concentration of salt will 
suppress the electrical double layer 
and ensure that the hydrodynamic 
diameter reported will be the same as 
the hydrodynamic diameter on the 
certificate or the expected diameter. 

Surface Structure 

Ahy change to the surface of a 
partide that affects the diffusion 
speed vwli correspondingly diange the 
apparent size of the particle. An 
adsortDed polymer layer projecting out 
into the medium will reduce the 
diffusion speed more than if the 
polymer is lying flat on the surface. 
The nature of the surface and the 
polymer, as well as the ionic 
concentration of the medium can 
affect the polymer oonfonnatlon, 
which In turn can change the apparent 
size by several nanometres. 

Non-Spherical Particles 

All partide-sizing techniques have an 
inherent problem in describing the 
size of non-spherical particles. The 
sphere is the only object whose size 
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can be unambiguously described by a 
single figure. 

Different techniques are sensitive to 
different properties of the partide, e,g, 
projected area, density, scattering 
intensity, and in general smW produce 
different mean sizes and size 
distributions for any given sample. 
Even the size in a microscope Image 
will depend on parameters set such 
as edge contrast etc. ft is important to 
understand that none of these results 
are Inherently "correct". 

The hydrodynamic diameter of a non- 
spherical partide is the dfameter of a 
sphere that has the same translationai 
difFusion speed as the partide. 

if the shape of a partide changes in a 
way that affects the diffusion speed, 
then the hydrodynamic size will 
change. For example, small changes 
in the length of a rod-shaped particle 
wfil directly affect the size, whereas 
changes in the rod's diameter, which 
will hardly affect the diffusion speed, 
will be difficult to detect. 

The conformation of proteins and 
macromclecules are usually 
dependent on the exact nature of the 
dispersing medium. As conformational 
changes will usually affect the 
diffusion speed, OLS is a very 
sensitive technique for detecting 
the^e changes. 

Light Scattering Theories 

Rayleigh Scattering 

If the particles are small compared to 
the wavelength of the laser used 
(typically less than d =X/10 or around 
60nm for a He-Ne laser), then the 
scattering firom a particle illuminated 
by a vertically polarised laser will be 
essentially Isotropic, I.e. equal in all 
directions. 

The Rayleigh approximation tells us 
that r a d® and also that I oc ia^ 
where I - intensity of light scattered, 
d = particle diameter and X = laser 



wavelength. The term tells us that a 
SOnm particle will scatter 10^ or one 
million times as much light as a 6nm 
particle. Hence there is a danger that 
the light from the larger particles will 
swamp the scattered light from the 
smaller ones. This factor also 
means It is difficuit with OLS to 
measure, say, a mixture of lOOOnm 
and 10nm particles because the 
oontrlbutlon to the total light scattered 
by the small parttdes will be 
extremely small. The inverse 
relationship to X* means that a higher 
scattering intensity is obtained as the 
wavelength of the laser used 
decreases. 

Mie Theory 

When the size of the partides 
t)eGomes roughly equivalent to the 
wavelength of the illuminating light 
then a complex function of maxima 
and minima with respect to angle is 



CO 

c 

I 

& 



obsen/ed. 

Figure 1 shows the theoretical plot of 
the log of the relative scattering 
intensity versus partide size at angles 
of 173* (the detection angle of the 
Zetasizer Nano S and Nano ZS in 
aqueous media) and 90^ (the 
detection angle of the Nano S90 and 
Nano ZS90) assuming a laser 
wavelength of 633nm, real refractive 
Index of 159 and an imaginary 
refractive index of 0.001. IVlie theory is 
the only theory that explains correctly 
the maxima and minima In the plot of 
intensity with angle and v\flll give the 
conrect answer over all wavelengths, 
sizes and angles. Mie theory is used 
in the Nano software for conversion of 
the intensity distribution into volume. 
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Figure 1 : Theoretical plot of the log of the relative intensity of scattering versus 
particle size at angles of 173** (the detection angle of the Nano S, and Nano ZS in 
aqueous media) and 90' (the detection angle of the Nano S90 and Nano ZS90) 
assuming a laser beam at a wavelength of 633nm, real refractive Index of 1.59 
and an imaginary refractive index of 0.001 
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How DLS Works 

In dynamic light scattering, the speed 
at which the partides are diffusing 
due to Brownlan motion is measured. 
This is done by measuring the rate at 
which the Intensity of the scattered 
light fluctuates when detected using a 
suitable optical arrar>gem6nt. How do 
these fluctuations In the intensity of 
scattered light arise? 

Imagine if a cuvette, containing 
particles which are stationary, is 
liluinlnated by a laser and a frosted 
glass screen is used to view the 
sample cell. A classical speckle 
pattern would be seen (figure 2). The 
speckle pattern will be stationary both 
In speckle size and position because 
the whole system is stationary. The 
dark spaces are where the phase 
' additions of the scattered light are 
mutually destructive and cancel each 
other out (figure 3A). The bright blobs 
of light In the speckle pattern are 
where the light scattered from the 
particles arrives with the same phase 
and interfere constructively to form a 
bright patch (figure 38). 

For a system of particles undergoing 
Brownlan motion, a speckle pattern is 
observed where the position of each 
speckle is seen to be in constant 
motion. This is because the phase 
addition from the moving particles is 
constantly evolving and fbnnlng new 
patterns. The rate at which these 
intensity fluctuations occur will 
depend on the size of the particles. 
Figure 4 schematically illustrates 
typical intensity fluctuations arising 
from a dispersion of large particles 
and a dispersion of small particles. 
The small particles cause the intensity 
to fluctuate more rapidly than the 
large ones. 



tecnnical 
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Figure 2: Schematic representation of a speckle pattem 




Screen 



Figure 3: The observed signal depends on the phase addition of the scattered 

light falling on the detector. In example A, two beams Interfere and 'cancel 
each other out' resulting in a decreased intensity detected. In example B, two 
beams interfere and 'enhance each other* resulting in an increased Intensity 

detected. 
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Figure 4: Typical intensity fluctuations 
for large and small particles 



It is possible to dlrectry measure tne 
spectrum of frequencies contained in 
the Intersrty fluctuations arising from 
the Brownlan motion of particles, but It 
is ineffidenl to do so. The best way is 
to use a device called a digital auto 
correlator. 

How a Correlator Wc^rks 

A correlator is basically a signal 
comparator. It is designed to 
measure the degree of similarity 
between two signals, or one signal 
with itself at varying lime intervals. 

If the intensity of a signal is compared 
with itself at s parficular point in time 
and a time much later, then fbr a 
randomly fluctuating signal it is 
obvious that the intensities are not 
going to be related in any way, i.e. 
there will be no correlation between 
the two signals (figure 5). Knowledge 
of the initial signal intensity virtll not 
allow the signal Intensity at time t = 
infinity to be predicted. This will be 
true of any random process such as 
diffusion. 

However, if the intensity of signal at 
time = t is compared to the Intensity a 
very small time later (t+6t). there will 
be a strong relationship or correlation 



tecnnicai 




between the intensities of two signals. 
The two signals are strongly or well 
correlated. 

If the signal, derived from a random 
process such as Brownian motion, at t 
is compared to the signal at t+2St, 
there wll! still be a reasonable 
comparison or correlation between 
the two signals, but it will not be as 
good as the comparison at t and t+5t 
The correlation is reducing Vi^h time. 
The period of time fit is usually very 
small, maybe nanoseconds or 
microseconds and is called the 
sample time of the correlator t = « 
maybe of the order of a millisecond or 
tens of milliseconds. 

If the signal intensity at t is compared 
with itself then there is perfect 
correlation as the signals are 
Identical. Perfect con-elation Is 
indicated by unity (1.00) and no 
correlation rs indicated by zero (0.00)* 



If the signals at t+25t. t+36t, t+43t etc. 
are compared with the signal at t, the 
con-elation of a signal ani\Hng f^om a 
random source will decrease with time 
until at some time, effectively t = «. 
there will be no correlation. 

If the particles are large the signal will 
be changing slowly and the 
correlation will persist for a long time 
(figure 6). If the particles are small 
and moving rapidly then con-elation 
will reduce more quickly (figure 7). 



c 




Time 

Figure 5: Schematic showing the fluctuation In the intensity of scattered light as 

a function of time 
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Viewing the oorrelogram from a 
measurement can give a lot of 
information about the sample. The 
time 3t which the correlBtion starts to 
algnlflcantly decay is an indication of 
the mean size of the sample. The 
steeper the line, the more 
monodisperse the sample is. 
Conversely, tjie more extended the 
decay becomes, the greater the 
sample polydlspersity. 

The Correlation Function 

It has been seen that particles In a 
dispersion are In a constant, random 
Brownlan motion and that this causes 
the intensity of scattered light to 
fluctuate as a function of time. The 
conelator used In a PCS Instrument 
will construct the correlation function 
G{t) of the scattered Intensity: 

G(t) = <f(t).!(t+x)> 

Where t =^e time difference (the 
sample lime) of the correlator. 

For a large number of monodisperse 
particles in Brownlan motion, the 
correlation function (given the symbol 
[G]) is an exponerrtial decaying 



luncdon of the correlator time delay t: 

G(t) = AI1 +Bexp(-2ri:)] 

where A = the baseline of the 
correlation function, B = intercept of 
the conflation function. 

r = Dq^ 

where D = translational diffusion 
coefRcfent 

qs(4 7cn/Xo) sin (8/2) 

where n = refractive index of 
dispersant, K = wavelength of the 
laser, q - scattering angle. 

For polydisperse samples, the 
equation can be written as: 

G(T) = A[1 + Bgi(T)^I 

Where gi(T) = is the sum of all the 
exponential decays contained in the 
conflation function. 

Obtaining Size Information 
From the Correlation 
Function 

Size is obtained from the correlation 
function by using various algorithms. 
There are two approaches that can be 
taken (1) fit a single exponential to the 
correlation function to obtain the 



mean si^e (z-average diameter) and 
an estimate of the width of the 
distribution (polydispersTty index) (this 
Is ceiled the Gumulants analysis and 
is defined In iS013321 Part 8). or (2) 
frt a muttiple exponential to the 
correlation function to obtain the 
distribution of particle sizes (such as 
Non-negative least squares (NNLS) or 
CONTIN. 

The size distribution obtained Is a plot 
of the relative intensity of light 
scattered by partides in various size 
ctasses and is therefore known as an 
Intensity size distributjon. 

if the distribution by intensity is a 
single fairly smooth peak, then there 
is little point in doing the conversion to 
a volume distribution using the Mie 
theory. If the Optical parameters are 
correct, this will just provide a slightly 
different shaped peak. How/ever, if 
the plot showd a substantial tali, or 
more than one peak, then Mie theory 
can make use of the input parameter 
of sample refractive index to convert 
the intensity distribution to a volume 
distribution. This will then give a more 
realistic view of the importance of the 
tail or second peak present In 
general terms It will be seen that:- 

d(intensity) > d(volume) > d(number) 
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A very simple way of describing the 
dfffersnce between intensity, volume 
and number distributions is to 
consider 2 populations of spherical 
partldes of diameter 5nnn and 50nm 
present in equal numbers (figure 8). If 
a number distribution of these 2 
partlde populations is plotted, a plot 
consisting of 2 peaks (positioned at 5 
and 50nm) of a 1 to 1 ratio would be 
obtained. If this number distribution 
was converted into volume, then the 2 
peal^s would change to a 1:1000 ratio 
(because the volume of a sphere is 
equal to 4f^jz{^2f). If this was further 
converted into an intensity 
distribution, a 1:1000000 ratio 
between the 2 peaks would be 
obtained (because the intensity of 
scattering is proportional to (from 
Raylelghs approximation)). 
Remember that in DLS. the 
distribution obtained from a 
measurement Is based on intensrty. 

Optical Configuration of a 
Dynamic Light Scattering 
Instrument 

A typical dynamic light scattering 
system comprises of six main 
components. Firstly, a laser 0) 
provides a light source to illuminate 
the sample contained in a cell ®. For 
dilute concentrations, most of the 
laser beam passes through the 
sample, but some is scattered by the 
particles within the sample at all 
angles. A detector ® is used to 
measure the scattered light. In the 
Zetasizer Nano series, the detector 
position will be at either 173** or 90 , 
depending upon the particular model. 

The Intensity of scattered light must 
be within a specific range for the 
detector lo successfufly measure it. If 
too much light is detected, then the 
detector will become saturated. To 
overcome this, an attenuator (3> Is 
used to reduce the intensity of the 
laser source and hence reduce the 
intensity of scattering. For samples 
that do not scatter much light, 
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Figure 8: Number, volume and Intensity distributions of a bimodal mixture of 5 
and 50nm lattices present in equal numbers 
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Figure 9: Optical configurations of the Zetasizer Nano series for dynamic light 
scattering measurements 



such as very small particles or 
samples of low concentration, the 
amount of scattered light must be 
increased. In this situation, the 
attenuator will allow more laser light 
through to the sample. 



For samples that scatter more light 
such as large particles or samples at 
higher concentration, the intensity of 
scattered light must be decreased. 
The appropriate attenuator position is 
automatically determined by the Nano 
software and covers a transmission 
range of 100% to 0.0003%. 
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The scattering Intensity signal from 
the detector Is passed to a digital 
processing board called a correlator 
<S>. The correlator compares the 
scattering intensity at successive time 
intervals to derive the rate at which 
the intensity is varying. This correlator 
information Is then passed to a 
computer ©, where the Nano 
software will analyze the data and 
derive size information. 

Unique Features of the 
Zetasizer Nano 

Non-^lnvasive Backscatter 
Detection (NIBS) 

The Nano S and Nano 2S instruments 
detect the scattering Information at 
ITS'*. This is known as backscatter 
detection, fn addition, the optics are 
not in contact with the sample and 
hence the detection optics are said to 
be non-invasive. There are several 
advantages in using non-invasive 
backscatter detection: 

• The laser does not have to travel 
through the entire sample. This 
reduces an effect called multiple 
scattering^ v^ere light from one 
particle Is Itself scattered by other 
particles. As the tight passes 
through a shorter path length of 
the sample, then higher 
concentrations of sample can be 
measured. 

• Contaminants such as dust 
particles within the dispersant are 
typically large compared to the 
sample size, l-arge particles 
mainly scatter In the forward 
direction. Therefore, by using 
backscatter detection, the effects 
of dust are greatly reduced. 



Variable Measurement Position 
For Sizing 

The measurement position within the 
cuvette of the Nano S and Nano 2S 
can be changed. This measurement 
position is changed by moving the 
focusing lens and is determined 
automatically by the Nano software 
(figure 10). 

For small particles, cr samples at low 
concentrations, it is beneficial to 
maximise the amount of scattering 
from the sample. As the laser passes 
through the wall of the cuvette and 
into the dispersant the laser will 
cause "flare". 

This flare may swamp the signal from 
the scattering particles. Moving the 
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measurement point away firom the 
cuvette wall towards the centre of the 
cuvette will remove this effect (figure 
10a). 



Large particles or samples at high 
concentrations scatter much more 
fight. In this situation, measuring 
closer to the cuvette wall will reduce 
the effect of multiple scattering by 
minimising the path length over which 
the scattered light has to pass (figure 
10b). The measurement position is 
determined automaticalty through a 
combination of the intercept of the 
correlation function and the Intensity 
of the ligiTt scattered. 
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Figure 10; Schematic diagram showing the measurement position for (a) small, 
weakly scattering samples and fbr (b) concentrated, opaque samples. The 
change in measurement position Is achieved t>y moving the focusing lens 

accordingly 
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